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NOTICE

The following manuscript was prepared as a partial fulfillment

of the requirements for a graduate degree from Loma Linda University
Graduate School under the discipline of the School of Dentistry.

While the format in general is governed by the criteria of a
conventional Graduate School Thesis, it is in actuality a manuscript

which readily is amenable for publication in a scientific journal.

CHAPTER I

INTRODUCTION

Replantation is the replacing of a tooth into its original socket,
with or without endodontic therapy, after it has been removed intention

ally by extraction or avulsed traumatically due to an accident.
Intentional replantation may be performed as a last resort when a
tooth fails to respond to the more conventional conservative endodontic
or surgical treatment.

Replantation is a method of treatment that has been used for
centuries (Costich, Haley, and Hoek, 1963).

A consistent finding

throughout all of this time has been that replanted teeth undergo
vigorous resorption and osseous replacement which causes complete
loss of the roots and subsequent shedding of the crowns.

One of the factors thought to influence resorption after replanta
tion is that which is described in the literature as the vitality of

the periodontal membrane attached to the root of the tooth.

Fredel

(1887), Scheff (1890) and Younger (1893) suggested that replanting

teeth with the periodontal membranes prevented resorption (Costich,
Haley, and Hoek, 1963).

opinion.

Wilkinson (1926) reached a completely opposite

His results were difficult to interpret because he waited

five days after removal before replanting maxillary laterals in a
monkey.

This interval allowed the periodontal membrane and tooth

structure to dry.
as Wilkinson.

Heiss (Hammer, 1955) arrived at the same conclusion

He replanted a human mandibular molar after removing

the periodontal membrane on the distal root and preserving it on the

mesial.

He reported superficial resorptions on the mesial root, but

none on the distal.

Butcher (1955), working with replanted incisors in monkeys,
considered the careful handling of the periodontal membrane was of
minor importance.

He burred off the organic material from the roots

of some teeth and cut grooves into the dentin of others.

Some of the

teeth were placed in 10 percent formalin, some in 95 percent alcohol,

others in water of 60° C. He reported that reattachment of the perio
dontal membrane occurred in all cases after replanting these teeth,
even without stabilization.

The majority of researchers, also working with animals, stated

that maintaining the integrity of the periodontal membrane by careful
handling of the extracted tooth was of significant importance, (Bodecker
and Lefkowitz, 1935).

When the periodontal membrane was scraped off

of the root, the tooth eventually was lost from ankylosis and resorption,

(Hammer, 1955; Loe and Waerhaug, 1961; Sherman, 1968; Hamner, 1970).

Myers ^ a_l (1954) extracted and replanted teeth immediately in
hamsters.

They suggested that at first the tooth acts as a foreign

body and starts becoming resorbed.

Later as the periodontal attachment

is initiated, the replanted tooth becomes a normal part of the body.

Another factor influencing resorption is the period of time that
a tooth is out of its socket before being replanted (Anderson, Sharov,
and Massler, 1968).

Some researchers have reported that the optimum

time interval is thirty minutes or less (Flanagan and Myers, 1958;
Andreason and Hjorting-Hansen, 1966).

Knight (1964) reported a more destructive localized resorption
in teeth with untreated root canals.

Working with dogs, he treated

the root canals of some of the implants with gutta percha and root
canal sealer, and left others untreated.

Andreason et al (1966) also

stressed the importance of filling the root canal to prevent periapical
inflammation.

They described inflammatory resorption as large bowl-

shaped areas of resorption involving both cementum and dentin, found
in relation to areas of inflammation in the periodontal membrane.
Trauma is also a factor that has been associated with resorption.

Hamner (1970) reported that resorption started where the periodontal
membrane was damaged during extraction.

Anderson (1968), using dogs,

found that there was greater trauma associated with extracting mature

teeth.

Also the handling of the root surface prior to replantation

increased the resorption.

This was previously found by Loe and

Waerhaug (1961).
Inflammation is an immediate response to injury.

Injury is the

result of excessive stimulation and reflects inself in the response

of the cells and tissues.

This response may be the total death of the

tissue or, if the injury is less severe, it may result in subtle changes
in the individual cells.

The types of cellular changes that occur are

gelation of the protoplasm, dissociation of the lipoproteins of the cell
membranes, and increase of the permeability of the cell surface,
(Anderson, 1966).

The "cardinal signs" of inflammation first presented by Galen
are redness, heat, swelling, and pain.

Whenever the replantation of

a tooth is necessary, due either to an accident or design of the

dentist, trauma is involved.

There is injury and thus inflammation.

Andreason et al (1966) and Leonard (1969) have suggested that
inflammation seems to contribute to resorption of the roots of replanted
teeth.

Weissman and Thomas (1964) suggested that glucocorticoids may

stabilize membranes of lysosomes against the disrupting influences
that cause inflammation.

This is accomplished by containing especially

the cathepsins as well as other enzymes within the lysosomal sac.

Cathepsin is one of the major enzymes of the polymorphonuclear
leukocyte, the first cell to enter the injured area after trauma.
The steroids are anti-inflammatory agents that are usually

administered systemically (Goodman and Oilman, 1970).

However,

studies with skin allografts in rabbits have been made utilizing them

topically, (Bellingham, Krohn, and Medawar, 1951), thus limiting their
effect to a localized area.

In a series of tests studying skin trans

plants in rabbits, nine topical steroids were tested, (Klaue and
Jolley, 1970), and triamcinalone acetonide (Kenalog, Squibb) was
found to be the most effective.

This drug is a glucocorticoid.

It

was the opinion of Klaue and Jolley that destruction of the skin graft
was caused by a non-specific local inflammatory reaction.

A topically

applied steroid was effective because of the inhibition of this
reaction.

The purpose of this study is to investigate the hypothesis that
root resorption is related to inflammation.

Topically applied

triamcinolone acetonide will be used as the anti-inflammatory agent.

CHAPTER II

MATERIALS AND METHODS

Seven young adult mongrel dogs of both sexes, ranging in weight

from forty to sixty-four pounds, were used in this project.

The

first two animals were used in a pilot study to determine the length
of time the teeth should be incubated in the triamcinolone acetonide

before replantation.

In skin transplantation studies by Klaue and

Jolley one hour was found to be the most effective interval.

However,

it was felt that with a tooth this interval was too long.

All of the animals preoperatively were given 16 mg. morphine
sulphate and 0.4 mg. atropine intramuscularly.

Intravenous Pentometh

(Trico Pharmaceutical Co.) was used for operative general anesthesia

and Euthanol (Trico Pharmaceutical Co.) for euthanizing them.

During

surgery each dog was intubated with an oral endotracheal tube.
After extraction of teeth in my pilot study, the root canals
were sealed by retro filling with Kloraperka (Leonard, 1969) after
apicoectomy to allow for replantation with less pressure on the tooth.
The intervals of time that the various teeth were incubated in the

triamcinolone acetonide was five minutes, fifteen minutes, thirty
minutes, and one hour.

One central tooth was placed in saline for

five minutes and then replanted as a control.
During the apicoectomy and retro filling procedure the teeth

were kept moist by constant dipping in saline and spraying with saline
from a syringe.

While the teeth were being incubated in the triam

cinolone acetonide or saline, the sockets were packed with quarter-inch

gauze soaked in the same solutions as the teeth (either triamcinolone
acetonide or saline).

In dogs one and two the teeth were returned to

their sockets without splinting of any kind.
In the five remaining dogs the intermediate incisors (Miller,

1964) on the upper and lower right were extracted and incubated for
five minutes in triamcinolone acetonide.

The sockets were packed with

quarter-inch gauze that had been soaked in triamcinolone acetonide

during the same interval.

The upper and lower left intermediate

incisors were used as controls, saline being substituted for triam
cinolone acetonide.

As described before, apicoectomies and retro fills were performed
immediately after extraction.

In dogs three and four no splinting was used immediately after
replantation.

However, two days later it was noted that the dogs had

caused a great deal of mobility of the replanted teeth by working on
them with their tongues.

The animals were anesthetized and ligature

wire and cold cure acrylic splints were placed.
In dog number five wire and acrylic splinting was also used.

In dogs six and seven, however, the acrylic was eliminated.
The dogs were placed on liquid diets for the first forty-eight
hours and a soft (Kal Kan) diet for the first two week postoperatively.
Dogs one and seven were euthanized at one week; dogs two, four,

and six at three weeks; dog three at five weeks; and dog five at
seven weeks.

Immediately thereafter, the teeth were checked for

periodontal pockets and the mobility was estimated.
sectioned and fixed in 10 percent formalin.

The jaws were

The hard tissues were

decalcified with RDO rapid bone decalcifier, imbedded in parafin, and

histologic slides cut at 8 nm. were prepared through the teeth and
investing tissues at 100 nm. intervals.

The sections were stained

with hemotoxylin and eosin.
The observations with the microscope were made with unmarked

slides.

Each slide was graded as to the amount of resorption,

attachment, ankylosis, and inflammation present.

CHAPTER III

RESULTS

In the pilot study dog number one was euthanized at three weeks
and dog number two at one week.

exfoliated and were lost.

In the two animals three teeth

Two of these teeth, one from each dog,

were incubated in the triamcinolone acetonide for one hour.

The other

tooth from dog number two had been exposed to the steroid for thirty
minutes.

In addition to these three teeth, there was a fourth tooth

that was fractured during extraction and thus eliminated from the

study.
Considerable inflammation and increased sulcus depth were found
where no splinting was used and where a combination of wire and

acrylic was employed for fixation.

When no fixation was used, the

dogs dislodged the replanted teeth with their tongues.

When wire

and acrylic splinting was utilized, the dogs forced hair and debris
under the acrylic.
The dogs tended to eject the unsplinted teeth and to force more

debris under the wire and acrylic splints in the maxillary arch than
in the mandibular arch.

The surgical tooth removal procedures caused extensive cervical
trauma on all of the teeth.

This trauma was more severe in the

maxillary than in the mandibular arch.

The degree of external resorp-

tion was the greatest in these areas of traumatic injury.

Around most

of the replanted teeth were found fragments of cementum and dentin with
an accompanying inflammatory response.

Generally speaking, there was more inflammation, more resorption,
and less attachment found in the maxilla than in the mandible.

The

use of triamcinolone acetonide did not change this generality.

One Week Dog

One week postoperatively all teeth were clinically firm except
the left maxillary tooth, which was eliminated from the study because
the crown was fractured during extraction.

Microscopically in the mandibular saline control tooth, there was
a better functional orientation of the periodontal fibers with numerous

epithelial rests throughout the periodontal ligament than in the steroid

treated tooth.

There also was slightly less inflammation and cementum

and bone resorption on the saline tooth.
The mandibular tooth incubated in steroid had fair attachment

starting in isolated areas.

The fibers were dense but disoriented

in a non-functioning pattern; however, most of the root had no attach
ment.

Severe inflammation was present with considerable root resorption

and extensive bone resorption.

Numerous cementoclasts and osteoclasts

were evident.

Three Week Dog

There was good clinical attachment in the three week animal with

crevicular depths ranging from 3 to 6 mm.

The mandibular saline tooth

showed less inflammation and very little root resorption.
considerable new cementum developing.

There was

The fibers of the attachment

apparatus were well organized and functional.

At the apex there were

The mandibular tooth incubated in steroid had a similar quality
of attachment with only about fifty percent of the root involved.

The epithelium extended into the sulcus from 4 to 6 mm.
dontal fibers ran parallel to the root.

The perio-

On one side of the tooth

there was no attachment to the apex.

The maxillary teeth in this dog were clinically and microscopi
cally unattached.

A nonepithelialized sulcus was present and measured

6 to 10 mm.

A statistical analysis using chi-square was run with the figures
obtained in the blind microscopic study.

In either the mandibular

or maxillary arch, using the categories of resorption, attachment,
inflammation, or ankylosis, there was no significant difference between
the use of steroid or saline before replanting a tooth.

CHAPTER IV

DISCUSSION

The hypothesis of this study consists of two parts:

that

root resorption in implanted teeth is increased when accompanied by

inflammation, and that triamcinolone acetonide, as an anti-inflammatory
agent, is effective in preventing this root resorption.

We were unable to prove or disprove part one of the hypothesis
because of our inability to obtain an area around the replanted
tooth without inflammation.

It was our aim in this research, with the

addition of triamcinolone acetonide to the area around the replanted
tooth, that there would be a decrease in the inflammation normally
present, with a resulting decrease in root resorption.
occur.

This did not

There was more inflammation, resorption, and less attachment

found where steroid was used than with the control.

Although the clinical results were better in some animals than
in others, in none were there better results with the use of triam
cinolone acetonide than with the use of the saline control.

Root resorption was a consistent finding, particularly in areas
injured by the elevator and the forceps, except for the mandibular
saline teeth in the three and five week dogs.

At three weeks very

little resorption was seen, while at the same time considerable new
cementum was forming.

At five weeks the resorbed areas were almost

restored to normal with new cementum or bone.

On the other hand,

the most extensive resorption was a maxillary steroid tooth with
tooth structure loss communicating into the pulp chamber.

Inflammation was found around all of the teeth except the

mandibular saline tooth in the five week dog.

In this same animal

the steroid tooth had slight inflammation surrounding it.

The amount

of inflammation seemed to be contingent upon the amount of irritation

due to foreign materials such as hair or loose pieces of bone or
cementum, rather than the existence of steroid in the area.

The periodontal fibers attached to the replanted teeth were of
a better quality in the mandibular arch than in the maxillary.

The

attachment to the saline teeth was better organized and more functional
than that attached to the steroid teeth.

At three weeks ankylosis was a common finding in all teeth except
the mandibular saline tooth.

At five weeks the steroid teeth, both

maxillary and mandibular, had ankylosis, while no ankylosis was found
with either control tooth.

In this project the use of steroid did not improve the prognosis
of a replanted tooth.

There is need, however, for future study in

which some of the variables that existed in this study could be
controlled.

The first variable which was difficult to control was the

damaging of the roots of the dogs' teeth during extraction.

Some

authors have felt dogs are well suited for replant surgery (Knight,
Cans, and Calandra, 1964).

This may be true if the extractions are

performed on very young animals possessing teeth with incompletely

formed root apices (Anderson, Sharov, and Massler, 1968).

However,

in this project we found, as have other researchers (Bodecker and
Lefkowitz, 1935; Leonard, 1969), that the extraction of completely

formed teeth in an adult dog is not an easy procedure (Anderson,
Sharov, and Massler, 1968; Bodecker and Lefkowitz, 1935).

Leonard

(1969) suggested that either very young dogs be used for replant
research or that another animal better suited for this type of
research be selected.

It soon became apparent that forceps could not

be used on the teeth during the initial luxating procedures, because
of crown fracture.

The straight elevator became the instrument of

choice, but with its use, much injury was inflicted on all sides of

the roots of each tooth with accompanying root damage and increased
inflammation.

Sometimes it was necessary to force this instrument

as much as five to six mm. apically between the root and the alveolus.
Another variable was that of immobilization.

The final results

obtained would have been easier to evaluate if wire splinting alone
had been used throughout the experiment.
As the animals recovered from the general anesthetic, there

followed a period in which they threw themselves violently against the

walls of the cage.

Since one animal appeared to be injuring his

mouth by these violent actions, we constructed a sling to hold him
up and prevent him from doing so.

Some researchers mention that they

cleaned the mouths of their animals each day (Knight, Gans, and
Calandra, 1964); others did not mention the subject (Anderson, Sharov,
and Massler, 1968; Loe and Waerhaug, 1961; Sherman, 1968).

In order

to do this procedure to our-animals, we would have found it necessary
to reanesthetize them for they had difficult temperaments.

If we

anesthetized them daily, we would have to continually contend with
the post excitement period.

Thus, we did not clean their mouths

each day, and the additional debris that remained around the splints
added another variable.

Perhaps some form of restraint or more

docile animals should be selected.

Although no statistical significance between the results of
the maxillary and mandibular arch was revealed, it was felt that
better results could be obtained in the mandibular arch than in the

maxillary arch for the following reasons: 1) In the adult dog the
extractions in the mandible seemed easier, with less trauma being

caused.

2) The dog was more able to reach the maxillary arch with

its tongue and could rub this area against outside objects more

easily.

He could also rub it against his paws, forcing more debris

under the splints.

3) The maxillary arch seemed more vulnerable to

damage during the excitement stage following general anesthesia.
Retro filling the apical ends of the teeth with Kloroperka offered
another variable, for it did not prevent the toxic products in the
canal from entering the apical tissues and causing additional inflamma
tion.

The total filling of the canals would have been a superior

procedure (Knight, Gans, and Calandra, 1964).
A replant study should include dogs that are maintained over an
extended period of time.

Bodecker (1935) suggested that a long period

of time is required to establish equilibrium in the periodontal tissues
after replantation.

CHAPTER V

SUMMARY AND CONCLUSIONS

The purpose of this study was to investigate the hypothesis
that root resorption is related to inflammation.

An evaluation

was made to study the anti-inflammatory effect of triamcinolone
acetonide on root resorption in replanted teeth of dogs.
Nineteen intermediate incisors in five dogs were extracted
and replanted.

Ten of the teeth were incubated for five minutes in

the steroid and nine control teeth in the saline solution.

Before

euthanizing the animals at one, three, five, and seven weeks, a

clinical evaluation of the teeth for attachment and mobility was
performed.

Histological sections were made and evaluated in a blind study.
Root resorption occurred on all of the teeth.

The use of localized

triamcinolone acetonide did not improve the prognosis of replanted
teeth in these animals.

It was felt that there is need for further replant studies using

a localized steroid, but in doing so some of the variables that existed
in this project should be controlled.
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Fig. 1.
f-

Dog No. 2 of the

pilot study.

The two

intermediate incisors

incubated in triamcinolone

acetonide for thirty and
sixty minutes and replanted.

J

Fig. 2.

Dog No. 2.

Two

teeth exfoliated and lost.

#3

Fig. 3. Dog No. 4. Wire
and acrylic splinting.
Note the debris in the
maxilla.

Fig. 4. Dog No. 6. Wire
splinting. Note the relative
cleanliness. The missing
tooth was fractured during
extraction.

v>

g. 5. A sling constructed to
event the animal recovering f
esthesia from hurting himself

•fm

Fig. 6.

One week mandibular saline

tooth (250X).

Good functional

orientation of the periodontal
fibers and numerous epethelial
rests.
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Fig. 7. One week mandibular steroid
tooth (158X). Periodontal fibers
■ disoriented in non-functioning
pattern and root resorption.
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Fig. 8. Three week
maxillary saline tooth
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(158X).

Area of resorption

repaired by an osteoid
substance.

Note osteo-

clasts on periphery.
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Fig. 9. Three week
maxillary steroid tooth

i?;5

(40X). External resorption
almost perforating into the
pulp chamber.

Fig. 10.

Three week

mandibular saline tooth

(AOX).
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parallel but organizing.
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No resorption.

Attachment fibers not
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Fig. 11.

Three week mandibular

steroid tooth (158X).

Ankylosls

ui

Fig. 12. Three week mandibular
steroid tooth (250X). Good
attachment.
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Fig. 13.

Five week

maxillary saline tooth

(40X).

Ankylosis and

resorption.
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Fig. 14.

Five week

mandibular saline tooth

(40X). Good attachment.
Almost complete lack of
inflammation.
^

No

ankylosis.
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Fig. 15.

Five week

mandibular steroid tooth

(40X). Resorption and
ankylosis.
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ABSTRACT

Root resorption is a constant finding on the roots of replanted
teeth.

In this study it was suggested that root resorption is perhaps

related to inflammation and that teeth incubated in an anti-inflamma

tory agent such as triamcinolone acetonide, a corticosteroid, before

replantation would have less resorption.

To investigate this

hypothesis nineteen mature teeth in five mongrel dogs were extracted
and replanted.

Ten of the teeth were incubated for five minutes

in the steroid and nine control teeth for the same period in a

saline solution.

Before euthanizing the animals at one, three, five,

and seven weeks, a clinical evaluation of the teeth for attachment

and mobility was made.

A blind study of the histological sections

showed that root resorption occurred on all of the teeth.

The use

of localized triamcinolone acetonide did not improve the prognosis
of replanted teeth in these animals either clinically or histologically.

